The aims of the present study were to assess the safety, pharmacokinetics (PK) and pharmacodynamics (PD) of BMS-962212, a first-in-class factor XIa inhibitor, in Japanese and non-Japanese healthy subjects.
Introduction
The clinical benefits of anticoagulant therapy are well established for the prevention of thrombotic events in patients with existing cardiovascular disease. In the last decade, anticoagulant therapy has expanded also to include prevention of deep-vein thrombosis and pulmonary embolism following knee or hip surgery, resulting in significant reductions in postsurgery mortality and morbidity. The growing role of anticoagulant therapy in the treatment and prevention of thrombosis is continually balanced by the potential complications and risks associated with excess bleeding. Although improvements in the therapeutic index of anticoagulant therapy have been made with the advent of smallmolecule inhibitors of factor Xa or thrombin relative to vitamin K antagonists, dose-dependent bleeding continues to be observed [1] and therefore improving the risk-to-benefit ratio remains a central goal for antithrombotic drug discovery.
Factor XI (FXI) is a component of the intrinsic pathway of the coagulation cascade and has been postulated to play an important role in thrombosis but only a minor role in haemostasis [2] . Epidemiological data collected over the past 15 years indicate that FXI plays a greater part in thrombosis than in haemostasis. Epidemiology studies suggest that FXI deficiency may be associated with a lower risk of cardiovascular events and venous thromboembolism [3] [4] [5] , whereas elevated FXI levels have been associated with an increased risk of thrombosis [6] .
The attractiveness of FXI as a therapeutic target for anticoagulation is further supported by the lack of significant bleeding associated with FXI modulation. Spontaneous bleeding in humans with a deficiency in FXI (haemophilia C) is generally rare, and when observed it is limited to tissues with high fibrinolytic activity (e.g. oral cavity, nose and urinary tract) after episodes of direct injury or trauma [7] . In fact, an increased tendency for bleeding has only been documented postsurgery in patients with very severe FXI deficiency (≤15-20 IU dl À1 ) [8] ; hence, despite the low risk of associated bleeding, rapid reversibility of FXI inhibition is still likely to be needed for situations of major trauma and emergency surgeries.
In preclinical models, inhibitors of activated FXI (FXIa) reduce thrombus formation without affecting haemostasis [2] . The lack of a major bleeding diathesis in humans with severe FXI deficiency and the preclinical demonstration of robust antithrombotic efficacy with a direct FXIa inhibitor without significant bleeding liability provide a compelling rationale to investigate this mechanism for antithrombotic treatment in various therapeutic indications requiring anticoagulation. According to the scientific evidence accumulated so far, the inhibition of FXI may therefore provide a novel mechanism for systemic anticoagulation without increasing the risk of clinically significant bleeding in a variety of conditions predisposing to a high risk of thrombotic events [6, [9] [10] [11] .
BMS-962212 is a small-molecule, selective FXIa inhibitor [12] . In rabbit models, BMS-962212 shows antithrombotic efficacy at doses which preserve haemostasis. Allometric scaling from pharmacokinetic (PK) studies in several preclinical species predicted a moderate clearance, with rapid elimination from the central compartment following the end of infusion. Based on PK and pharmacodynamic (PD) results from these preclinical models, an exposure dose range for the first-in-human study was selected. Preclinical studies suggest that the disposition of BMS-962212 is primarily an active process that is mediated by transporters, organic anion transporting polypeptide (OATP) 1B1 and OATP1B3. The major route of elimination of BMS-962212 is by both biliary and urinary excretion, and in vivo and in vitro data suggest that both multidrug resistance-associated protein 2 and breast cancer resistance protein may play a role in the biliary excretion of BMS-962212.
BMS-962212 is envisioned as a safe and effective acute care antithrombotic agent for use in the hospital setting. A parenteral agent with a relatively short PK and PD half-life is expected to achieve higher efficacy, faster onset and better control of antithrombotic effects compared with oral agents. To the best of our knowledge, this is the first publication describing the safety, PK and PD of a reversible smallmolecule FXIa inhibitor in humans.
The primary objective of the present study was to assess the safety and tolerability of BMS-962212 when administered as intravenous (IV) infusions of 2 h or 5 days in healthy subjects. Secondary objectives included assessment of PK and dose proportionality of escalating doses of BMS-962212; assessment of PD effects (known to be associated with anticoagulation) of escalating doses of BMS-962212 in healthy subjects, as measured by activated partial thromboplastin time (aPTT) and FXI clotting activity (FXI:C); and assessment of PK and PD effects of 5-day IV infusions of escalating doses of BMS-962212 in Japanese subjects compared with non-Japanese subjects.
Methods
The 
Study design
This was a two-part, randomized, double-blind, placebocontrolled, sequential ascending-dose IV infusion study of BMS-962212 in healthy subjects. The study evaluated BMS-962212 following administration as a 2 h IV infusion (part A) and a 5-day continuous IV infusion (part B). For parts A and B, dose panels were enrolled sequentially. Part A included four dose panels that evaluated continuous, fixed-rate IV infusions of BMS-962212 for 2 h at doses of 1.5, 4, 10 and 25 mg h À1 (panels 1, 2, 3 and 4). Following a transient increase in serum creatinine levels in some subjects in panel 1 (1.5 mg h À1 ), the protocol was amended to re-evaluate this dose in a larger panel 1A prior to proceeding with dose escalation. In panel 1A, a 1.5 mg h À1 dose of BMS-962212 was administered to 10 sub- Table S1 .
Safety assessments
Safety was evaluated based on a medical review of adverse events (AEs) and the results of clinical laboratory tests, vital signs, ECGs, telemetry and physical examination. Based on observations of interstitial nephritis at supraclinical dose levels in nonclinical studies, the clinical laboratory evaluations in the present study comprised an extended renal safety assessment, including serum blood urea nitrogen (BUN), serum creatinine and several biomarkers of renal injury, including urinary neutrophil gelatinase-associated lipocalin (NGAL), urinary monocyte chemoattractant protein 1 (MCP-1) and serum cystatin C. AE severity was classified according to Medical Dictionary for Regulatory Activities criteria. The estimated GFR (eGFR) was calculated based on the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation using serum creatinine.
Sample collection
Sample collection time points, as well as handling and storage of the samples, are described in more detail in the Supporting Information.
Coagulation assays
Coagulation assays to investigate aPTT, FXI:C and prothrombin time/international normalized ratio (PT/INR) were performed.
Bioanalytical assay for BMS-962212
Plasma samples were measured for BMS-962212 by a validated liquid chromatography-tandem mass spectrometry method using a liquid-liquid extraction method. The analytical range was established at 0.1-100 ng ml À1 and a linear x
À2
weighted fitting was used for the standard curve. The overall accuracy was demonstrated for the quality control samples with relative standard deviation as a percent (%Dev) ≤3.7%.
Between-run and within-run precision were ≤4.2% and 7.0%, respectively. For the purposes of analysis, when BMS-962212 plasma concentrations were lower than the lower limit of quantitation (LLQ; 0.1 ng ml À1 ), the value was set to one-half the LLQ or 0.05 ng ml À1 .
PK parameters
The PK parameters of BMS-962212 were calculated from the plasma concentration-time data using noncompartmental methods in Phoenix WINNONLIN v7.0 (Certara, Princeton, NJ, USA). The area under the concentration-time curve (AUC) was calculated using the linear-up, log-down method within Phoenix. The terminal half-life (t 1/2 ) was estimated as ln2/λz, in which the slope of the terminal phase of the plasma concentration-time profile (λz) was determined by the leastsquares method (log linear regression of at least three data points) with a weighting factor of 1. Steady state was defined as the time to reach five times the t 1/2 for each individual. In the 2-h IV infusion part of the study (part A), the PK parameters assessed included: AUC for the sampling period (AUC 0-t ), where t was 24 h; AUC extrapolated to infinity (AUC inf ); maximum plasma concentration (C max ); time to C max (T max ); t 1/2 ; clearance (CL); and volume of distribution during the terminal phase (V z ). The PK parameters determined in the 5-day IV infusion part of the study (part B) included: AUC 0-t , where t was 144 h; C max ; concentration at steady state (C ss ); T max ; t 1/2 ; CL; and volume of distribution at steady state (V ss ). Weight-corrected C ss was calculated in part B by multiplying the C ss of each individual by their weight.
Statistical analyses
Statistical analyses and reported PK and PD data were performed on all subjects who completed the study. The PK parameters AUC inf , AUC 0-t , C max , t 1/2 , CL and V z in Part A, and C max , t 1/2 , AUC 0-t , AUC inf and C ss in part B were analysed assuming normally distributed data. Summary PK parameters were described as the geometric mean [percentage coefficient of variation (%CV)]. To investigate whether PK parameters of C max , C ss (part B only) and AUC inf increased dose proportionally, an analysis of variance was performed on the logtransformed values in part A and part B. Differences between Japanese and non-Japanese subjects in each dose panel for the PK parameters of C ss and t 1/2 , and PD parameters of aPTT and FXI:C were analysed using an independent samples t-test. Summary PD parameters were described as the mean and standard error of the mean, and as the percentage change from baseline.
Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www. guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [13] , and are permanently archived in the Concise Guide to PHARMA-COLOGY 2017/18 [14] .
Results

Demographics
All subjects completed part A of the study (n = 24 active, n = 8 placebo). Forty subjects completed part B (n = 32 active, n = 8 placebo). Two subjects, both on active treatment, did not complete the study and were subsequently replaced. These two subjects withdrew consent for reasons unrelated to treatment, and both were in part B (1 mg h À1 and 9 mg h À1 dose panels, respectively). All subjects in the study were male, and the age range in part A was (19-50 years) and in part B (20-45 years). Table 1 outlines the demographics and disposition of all subjects enrolled in the study.
Safety
No deaths or serious AEs were reported, and no subject discontinued treatment owing to an AE. All AEs reported were assessed by the investigator as mild in intensity, with the exception of one moderate AE of infusion site erythema, reported for a subject receiving a 5-day continuous IV infusion of BMS-962212 at a dose of 9 mg h À1 (part B, nonJapanese cohort). A total of 16 AEs were reported in 12 of 68 subjects assigned to BMS-962212 (17.6% of subjects), and four AEs were reported in three of 26 subjects receiving placebo (11.5%). In part A, six AEs were reported in four of the 34 subjects assigned to BMS-962212 groups (11.7% of subjects) and 3 AEs were reported in two of the 18 subjects assigned to placebo (11.1% of subjects). No correlation between AE frequency and dose of BMS-962212 was observed, with all of the reported AEs in the 1.5 mg h À1 and 4 mg h À1 , and none in the 10 mg h À1 and 25 mg h À1 dose panels (Table S2A ). In part B, 10 AEs were reported in eight of the 34 subjects assigned to BMS-962212 (23.5% of subjects) and one AE was reported in one of the eight subjects assigned to placebo (12.5% of the subjects). No clear trend was seen between AE frequency and BMS-962212 dose (two, one, six and one AE, respectively, in the 1, 3, 9 and 20 mg h À1 dose panels). The most frequent AEs were similarly distributed between active and placebo groups. In the BMS-962212 groups, the most frequent AEs were: infusion site pain or irritation (5.9%), nausea (2.9%), headache (2.9%), upper respiratory tract infection (2.9%), flatulence (1.4%) and ecchymosis (1.4%). In the placebo groups, the most frequent AEs were: infusion site pain or irritation (7.7%), headache (3.8%) and upper respiratory tract infection (3.8%) ( Table S2B ). The frequency of AEs was 17.6% in Japanese and 29.4% in non-Japanese subjects. There were no distinct AEs related to either the Japanese or non-Japanese group. Of all the AEs in the BMS-962212 groups, only one AE, of headache, was deemed by the principal investigator to be related to the study treatment.
In the first dose panel of part A (panel 1), a transient increase in serum creatinine levels was observed in five of the six subjects who received a 2-h IV infusion of BMS-962212 at a dose of 1.5 mg h À1 (see Figure S1A ). Serum creatinine levels peaked at 12 h after initiation of the BMS-962212
First-in-human study of BMS-962212 a first-in-class small molecule factor XIa inhibitor infusion, with a mean increase of 0.28 mg dl À1 (median increase 0.35 mg dl À1 , range À0.1 mg dl À1 to 0.5 mg dl À1 ), and had returned to baseline levels by the 24-h time point. A consequent mean percentage decrease in eGFR (based on serum creatinine) of À22.58% was observed at 12 h postdose. By comparison, the two placebo subjects in panel 1 showed no obvious change in serum creatinine levels. Hence, to exclude the effects of BMS-962212 on renal function, panel 1A was added to the study, in which GFR was measured directly using iohexol plasma clearance at baseline (day À2) and after a 2-h IV infusion of 1.5 mg h À1 BMS-962212 or placebo (day 1). No clinically relevant differences in iohexol plasma clearance were observed between day À2 and day 1, or between the BMS-962212-treated subjects and the placebo subjects. Furthermore, serum creatinine levels in the BMS-962212-treated subjects did not show any clinically meaningful increase relative to the individual time-matched baseline levels on day À2 (see Figure S1B ) or compared with the placebo subjects. The PK, aPTT and FXI: C of panel 1A are provided in Figure S2A ,B,C, respectively.
In the subsequent dose panels in part A (4, 10 and 25 mg h À1 ) or part B (when administered as a 5-day continuous IV infusion at 1, 3, 9 and 20 mg h À1 ), there were no clinically meaningful trends in any renal safety parameter. Specifically, there were no increases in mean levels of serum creatinine, cystatin-C, BUN, urinary NGAL or urinary MCP-1, and no decreases in mean eGFR. No subject had a serum creatinine or BUN value that met predefined criteria for a marked abnormality. Figure Table 1 Demographics and disposition of subjects ), demonstrating no change over time. Therefore, the totality of the renal safety data for part A and part B suggests that BMS-962212 did not affect renal function.
PK
The summary statistics for BMS-962212 PK parameters for parts A and B are shown in Table 2 . BMS-962212 peak concentrations were observed within 1-2 h after administration. The descending phase of the plasma concentrationtime curves appeared to be biphasic, characterized by a relatively rapid initial phase followed by a slower terminal phase ( Figure 1A,B) 
Time course of aPTTand PT
BMS-962212 demonstrated dose-dependent increases in aPTT in part A and part B (Figure 2A,B) . In part A, the maximal effects on aPTT were observed during the second hour of the infusion (hour 1 to hour 2) in all dose groups. The mean increase at the end of the IV infusion (2 h) compared with baseline was 1.4%, 35%, 51%, 81% and 94% in the placebo, 1.5, 4, 10 and 25 mg h À1 dose groups, respectively (Table 3) . In part B, the maximal effect on aPTT was, again, achieved by approximately 2 h after initiation of the IV infusion on day 1 and was sustained throughout the 5-day dosing period, with aPTT beginning to decrease within approximately 1 h after completion of the infusion (hour 121) and returning to baseline 4-12 h (hour 124 to hour 132) after completion of the infusion. The changes in aPTT in part B are described in the Japanese vs. non-Japanese PK and PD section below. PT/INR did not change in either part A or part B (data not shown).
Time course of FXI:C activity
BMS-962212 decreased FXI:C in a dose-dependent manner. In part A, the maximal effect on FXI:C activity was observed during the last hour of the infusion (hour 1 to hour 2) in all dose groups ( Figures 3A) . The mean decreases at the end of the IV infusion compared with baseline were À2.3%, À20%, À46%, À73% and À83% in the placebo, 1.5, 4, 10 and 25 mg h À1 dose groups, respectively (Table 4 ). In part B, FXI:
C was reduced to a near-maximal level within 2 h after initiation of the IV infusion on day 1 and was sustained throughout the 5-day dosing period ( Figure 3B ). The FXI:C began to increase immediately and was observed at the first time-point collection of 1 h after completion of the infusion (hour 121), and returned to near baseline by 4-12 h (hour 124 to hour 132) after completion of the infusion. The changes in FXI:C in part B are described in the Japanese vs. non-Japanese PK and PD section below.
Table 2
Pharmacokinetic parameters in 2-h IV Infusion and 5-day IV Infusion of subjects Part B (5-day IV infusion) First-in-human study of BMS-962212 a first-in-class small molecule factor XIa inhibitor Japanese vs. non-Japanese PK and PD Table 5 lists the BMS-962212 C ss , weight-corrected C ss and t 1/2 in part B when stratified by Japanese and non-Japanese ethnicity in each dose panel. Japanese subjects had numerically higher, albeit not significantly different, values for C ss in the dose panels 1, 3 and 20 mg h À1 (P > 0.05). When corrected for weight, C ss in dose panels 1 mg h À1 and 9 mg h À1 demonstrated a higher exposure in non-Japanese subjects compared with Japanese subjects (P > 0.05). There was no difference in the t 1/2 range in Japanese subjects (between 6.42 h and 8.28 h) vs. non-Japanese subjects (between 6.05 h and 8.32 h) over all dose groups for part B (P > 0.05). The concentration-time, aPTT and FXI:C curves, stratified by Japanese and non-Japanese ethnicity, at a dose of 20 mg h À1 in part B are shown in Figure 4A -C. In Japanese and non-Japanese subjects, no difference was observed in the aPTT percentage change from baseline, with increases of 12-92% and 31-83%, respectively, across the dosing range for part B (P > 0.05) ( Table 3 ). The percentage change from baseline in FXI:C between Japanese and non-Japanese subjects across the dosing range for part B showed a similar reduction, 16-90% and 25-85%, respectively (P > 0.05) ( Table 4 ). Dose proportionality was observed for C max and AUC in part A and C max , AUC and C ss in part B (Table S3) . When stratified by Japanese and non-Japanese ethnicity in part B, dose proportionality was demonstrated for C max , AUC and C ss . The concentration-time, aPTT and FXI:C curves, stratified by Japanese and non-Japanese ethnicity, for dose panels placebo (aPTT and FXI:C only) and 1, 3 and 9 mg h À1 are depicted in Figure S4A -K.
Discussion
The present study investigated the safety, tolerability, PK and PD of BMS-962212, a first-in-class small-molecule reversible factor XIa inhibitor. As a parenteral agent with a relatively short elimination t 1/2 , BMS-962212 would be expected to achieve higher efficacy, faster onset of action and better control of antithrombotic effects compared with oral agents. The ability to achieve anticoagulation rapidly through parenteral administration, followed by rapid restoration of normal coagulation is a highly desirable quality in the acute treatment arena. This profile, coupled with the anticipated improved bleeding risk profile of FXIa inhibitors, allows for investigation in several clinical indications. To date, there have been no publications reporting on the safety, PK and PD of a reversible small-molecule factor XIa inhibitor in humans.
The present first-in-human study demonstrated that BMS-962212 was well tolerated in healthy subjects when given as a 2-h IV infusion over a 16-fold dose range, and a 5 day IV infusion over a 20-fold dose range. The majority of AEs observed were of mild intensity and resolved without intervention. AE frequency did not show a trend to increase with increasing doses of BMS-962212, and only one out of the 16 AEs were deemed by the study investigators to be related to treatment. The frequency and type of AEs were similar in the placebo and active groups, with irritation at the infusion site being the most frequent (7.7% in the placebo vs. 5.9% in the active treatment groups). No dose-limiting AEs were observed, and consequently the maximum tolerated dose for BMS-962212 was not established.
The PK profile showed a rapid increase in exposure, as evidenced by near-steady-state BMS-962212 plasma concentrations being achieved approximately 2 h after the start of continuous infusion. Furthermore, the biexponential elimination of the drug resulted in BMS-962212 plasma concentrations declining by an order of magnitude in approximately 4 h during the initial elimination phase, followed by a slower terminal phase. The t 1/2 of BMS-962212 was approximately 2-5 h following a 2-h IV infusion and 6-9 h after a 5-day IV infusion. The disparity between the t 1/2 observed in part A and that in part B is likely to have been due to the differences in the distribution profile of the drug after a 2-h IV infusion (V z ranging from 72 l to 129 l) compared with a 5-day IV infusion (V ss ranging from 164 l to 218 l). BMS-962212 exhibited dose-proportional increases in C ss across the 20-fold dose range during the 5-day IV infusion. Exposure parameters demonstrated moderate to low variability, with %CVs typically below 30% in healthy subjects, indicating that BMS-962212 may be administered at a fixed dose to achieve a target concentration without dose adjustment. This distribution and elimination profile supports the investigation of BMS-962212 in subjects with a need for acute anticoagulation where a rapid onset and offset of action may be most appropriate.
Furthermore, in Japanese subjects, a 5-day IV infusion was shown to be well tolerated, with no significant differences in PK or PD parameters compared with non-Japanese subjects. In the Japanese subjects, there was a trend towards higher concentrations in each of the dose panels, although a wide overlap in exposures was observed at each of the dose panels. When corrected by weight, the differences in C ss no longer Table 3 Summary statistics for activated partial thromboplastin time (aPTT), stratified by BMS-962212 dose panel, immediately prior to the end of infusion in part A and part B for non-Japanese and Japanese subjects between Japanese and non-Japanese subjects. The PD investigated in the present study included aPTT, FXI:C and PT/INR. Consistent with FXIa inhibition, exposuredependent increases in aPTT and exposure-dependent decreases in FXI:C were observed across dose panels, with no effect on PT/INR. The aPTT is used for therapeutic heparin monitoring in several indications requiring anticoagulation and presents a relevant PD biomarker to investigate the anticoagulant activity of a factor XIa inhibitor [15, 16] . For BMS-962212, the relationship between aPTT or FXI:C targets and the prevention of thromboembolic events needs to be established in larger clinical studies.
In the Leiden Thrombophilia Study, patients with FXI levels in the top 10% were nearly twice as likely to develop venous thromboembolism as the rest of the study population. Similarly, human subjects genetically deficient in FXI appear less prone to developing venous thrombosis [17] . Severe FXI deficiency appears to confer protection from ischaemic stroke, and higher FXI levels were associated with an increased risk of ischaemic stroke in a study by the Atherosclerosis Risk in Communities study [5] and a study by Yang et al. [6] . In young women enrolled in the Risk of Arterial Thrombosis In Relation to Oral Contraceptives study, levels of FXI:C and FXI antigen correlated with arterial thrombosis and stroke risk [18] . Table 4 Summary statistics for factor XI clotting activity (FXI:C), stratified by BMS-962212 dose panel, immediately prior to the end of infusion in part A and part B for non-Japanese and Japanese subjects Currently, only one approach to inhibiting FXI specifically has been reported in the literature, using an antisense oligonucleotide (ASO) that demonstrated efficacy superior to enoxaparin in total knee arthroplasty [19] . This ASO blocks FXI synthesis, and as the circulating t 1/2 for FXI is 60-80 h, it can take several weeks to achieve a targeted level of plasma FXI reduction. The ASO also has a slow offset of action, and FXI levels can remain below normal for several weeks following discontinuation of ASO administration. Reducing FXI levels to~20% of normal by the ASO proved more effective than enoxaparin in preventing postoperative venous thromboembolism, and appeared to be safe in regard to the risk of bleeding, providing a proof of concept in humans for FXI inhibition [19] .
The small number of subjects used to investigate differences between Japanese and non-Japanese individuals in the 5-day IV infusion part of the study could be considered a limitation of the study; however, there are significant advantages associated with this innovative study design. Typically, investigation of PK in Japanese subjects is conducted in a standalone study, which can result in considerable interstudy variability, including batch-batch variability in biomarker assays, potential differences in comparison across dose panels, and a lag time associated with global development of the programme. Furthermore, through the use of population PK and PK/PD, the potential for differences based on covariate analysis can be rapidly assessed and investigated for the need to adjust the dose moving into phase II.
In summary, BMS-962212 was well tolerated when given as an IV infusion over 2 h and 5 days in Japanese and nonJapanese subjects. The PK of BMS-962212 demonstrated dose proportionality over the dose range studied, and demonstrated a fast onset of action and a relatively rapid elimination. The PD of BMS-962212 showed exposure-dependent increases and exposure-dependent decreases in aPTT and FXI:C, respectively. These results present a promising framework to develop BMS-962212 in indications requiring acute care anticoagulation. First-in-human study of BMS-962212 a first-in-class small molecule factor XIa inhibitor
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